The 20 cm radio continuum fluxes of 91 HII regions in a previously compiled catalog have been determined. The spectral types of the ionizing stars in 42 regions with known distances are estimated. These spectral types range from B0.5 to O7, corresponding to effective temperatures of 29 000-37 000 K. The dependences of the 
INTRODUCTION
Massive stars are fairly rare in the Galaxy, but they exert a strong influence on the state of the interstellar medium (ISM). As a rule, the ages of massive stars do not exceed 10 million years much less than the age of the Milky Way so that their locations are good tracers of regions of active star formation and the structure of the Galaxy (e.g., [1] [2] [3] ). One based on [21, 22] and the WISE Catalog of Galactic HII Regions V2.0 1 [3] .
RADIO CONTINUUM FLUX AT 20 CM
The catalog [8] includes 99 IR nebulae associated with HII regions. We calculated the 20 cm radio fluxes (F 20cm ) of 91 of these HII regions for which data were presented in the New GPS 20 cm 2 and by Condon et al. [23] . We calculated the fluxes within an aperture determined from the 8 µm data in [8, 22] , which was used for all the wavelengths. We determined the radio fluxes of these 91 objects from the catalog [8] in this way. Figure 1 shows the utilized aperture for the nebula N49 as an example (notation is from the catalog [6] ).
This 20 cm image was taken from the MAGPIS radio-image database [24] . Determining the spectral type of the ionizing stars based on the radio continuum flux requires knowledge of the distances to these stars. We did not determine these distances ourselves, instead using data from catalogs of HII regions, primarily [3] , which presents more than 8000 objects based on IR data. We also used the distance estimates of Churchwell et al. [6, 7] . Table 2 . Distances, sizes, and electron densities of the objects.
The ordinal number of each object corresponds to the number from Table 1 . S is the diameter. The distances D were taken from [3] .
The spectral types in columns (6-9) correspond to [29] , and those in columns 10 and 11 to [28] . 
SPECTRAL-TYPE ESTIMATES FOR THE IONIZING STARS
The results of determining the 20 cm radio continuum fluxes toward 91 objects from the catalog [8] are presented in Table 1 .
To determine the spectral types of the corresponding stars, we first estimated the UV flux ionizing the hydrogen (Q Ly ), assuming that the radio emission is optically thin. This is valid for "classical" HII regions (e.g., [18, 23] ). We used the following expression from [18] (see also [23] , Tsivilev et al. [25] ):
where Te is the electron temperature, taken to be ≈ 10 4 , as is typical for HII regions (e.g., [26] ), ν = 1.49 GHz is the frequency corresponding to 20 cm wavelength, F 20cm the flux at 20 cm, and D the distance to the HII region. The value of Q Ly determined in this way represents a lower limit to the flux of ionizing UV photons, since some UV photons could penetrate outward through rarified parts of the molecular clouds due to inhomogeneity of the matter in the ISM. We did not take this into account when carrying out our estimates (see [27] ).
We estimated the spectral types from the available values of Q Ly using the results of theoretical computations by Vacca et al. [28] and Smith et al. [29] . The results of [28] ] enable estimation of Q Ly for all 42 objects in our sample for which distance estimates are available, assuming that these regions are formed only by stars having luminosity class V. This is not always valid, since young stars ionizing HII regions may be giants [30] [31] [32] [33] . Therefore, we used the tables of [28] for luminosity classes III and V. We did not consider luminosity class Ia, since such stars are rarely encountered among stars ionizing HII regions, and our estimates of Q Ly do not fall in the range presented for this luminosity class in [28] . We determined the electron densities in the HII regions based on the objects' distances and angular sizes (see [8] ) using the following expression from [34] :
where θ R is the angular size in arcminutes, С 1 is a constant, equal to 0.8165 for a uniform sphere [34] , and the coefficient b(ν, T ) was calculated using the formula b(ν, T ) = 1 + 0.3195log 10 Te
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The spectral types of the ionizing stars and parameters of the HII regions are presented in Table 2 . The spectral types range from B0.5 to O7, which corresponds to effective temperatures from 29 000 to 37 000 K. Figure 2 shows the dependence of the electron density (ne) on the size of the HII regions and the effective temperatures T eff of the ionizing stars using a color scale. This shows clearly that, when T eff is fixed, ne is lower for larger HII regions. An exception is the region N4, which has a complex morphology, and we do not consider this region further here.
The results shown in Fig. 2 correspond to the idea that the size of an HII region increases in the course of its evolution, while its electron density decreases. This is supported by general theoretical considerations and numerical modeling [4, 20] .
Thus, we can distinguish chains of HII regions in our catalog located at different stages in their evolution.
COMPARISON OF THE RADIO AND IR FLUXES
In this section, we analyze the relationship between the radio and IR fluxes. The radiation at 8 µm corresponds to emission by PAHs, at 24 µm to emission by small, hot dust grains, and at 160 µm to emission by large, fairly cool dust grains [10, 11] . Figure 3 shows the dependence of the 8 and 24 µm IR fluxes on the 20 cm radio flux. The data presented in Fig. 3 show that higher radio continuum fluxes correspond to higher IR fluxes.
To exclude the influence of differences in the distances, we multiplied the fluxes by 1/D 2 . The resulting dependences of the 8, 24, and 160 µm IR fluxes on the 20 cm radio flux is shown in Fig. 4 .
The scatter in these dependences is due mainly to uncertainties in F 20cm . The uncertainties in the fluxes were calculated from the dispersions of the fluxes for a background area of sky in the same frame (the choice of aperture for calculating this The numbers identify the objects according to the numbers in Tables 1 and 2 . The symbols for objects 2, 9, 65, 73, and 80 have been shifted slightly along the horizontal axis to make their numbers visible.
background is described in [8] ). The contribution of instrumental uncertainties does not exceed 0.5%, and we did not take this into account. The uncertainties in the IR fluxes are much lower, and cannot be distinguished in Fig. 4 .
We can see that the IR fluxes grow roughly linearly with the radio flux. The dependence of F 8µm on F 20cm has the largest scatter. These plots show that the higher the radio flux (the earlier the spectral type of the star), the higher the IR flux.
The IR flux is determined by two quantities the mass and temperature of the dust envelope around the HII region [13] .
The 8 and 24 µm emission is formed in the falling part of the spectrum of "warm" dust. In this case, it is not possible to distinguish whether it is variations in the mass or temperature that are responsible for the dependence of F 8µm and F 24µm on
The emission at 160 µm is associated with "cool" dust, which forms a well defined peak around 100-200 µm in the spectra of many HII regions. In this case, the 160 µm emission is formed almost exclusively in cool dust with temperatures of about 18-22 K [10, 11] . The fraction of such regions in our sample is about 70% [8] . Thus, the increase in the 160 µm flux with growth in the effective temperature of the ionizing star may mean that hotter stars are surrounded by cool dust envelopes with higher masses. Figure 5 shows the dependences of the IR fluxes (shown by the color scale) on the effective temperatures of the ionizing stars and the sizes of the HII regions. There is no dependence of the fluxes on the sizes of the regions when a fixed effective temperature is considered. Analysis of the results presented Fig. 2 shows that the size of an HII region for fixed T eff is an indicator of age. Thus, no clear dependence (growth or decrease) of the IR fluxes on age is traced in our data. This may mean that the dynamics of the expansion of the HII regions differs appreciably from the predictions of idealized theoretical models (e.g., [44] ); for example, due to inhomogeneity in the initial distribution of the gas in the molecular clouds or the development of inhomogeneities due to thermal instability (e.g., [41, 42] ; see also [43] concerning the development of thermal instability in PDRs). This may explain why there is no continuous growth in the masses of envelopes around HII regions with time, as is suggested, for example, by Eqs. (39)- (43) of the analytical computations of Hosokawa et al. [19] . The penetration of UV photons outward through the HII region, for which the efficiency is shown, for example, by Ferguson et al. [45] and Oey et al. [46] , apparently occurs through the least dense regions in the molecular clouds. This process is accompanied by a reduction in the transformation of the radiative energy of the massive stars into the kinetic energy of moving gas, a slowing of the growth of the mass of the envelope around the HII region, and a decrease in heating of the envelope with time. Since the HII regions for which data are presented here are not observed in optical lines such as Hα, we suggest that these objects are deeply embedded in their host molecular clouds. However, diffuse IR emission at 8 µm is present around these objects, since the UV photons responsible for the PAH flourescence probably penetrate through gaps in dense parts of the envelope. This penetration of ionizing photons is probably negligible in the HII regions in our sample, since these objects are not visible in the optical wavelengths, indicating they are embedded in the molecular gas. Therefore, we conclude that it is apparently the inhomogeneous distribution of the gas that leads to the absence of a dependence of the IR fluxes on the ages of the HII regions.
CONCLUSION
We have obtained the following results in this study:
• We have determined the 20 cm radio continuum fluxes toward 91 HII regions.
• We have determined the spectral types for the ionizing stars in 42 objects with available distance estimates. These spectral types range from B0.5 to O7, corresponding to effective temperatures from 29 000 to 37 000 K.
• We have established that the IR fluxes at 8, 24, and 160 µm grow with the 20 cm flux. The 160 µm flux increases with the effective temperature of the ionizing star. This may indicate that hotter stars are surrounded by cool dust envelopes with higher masses. In the case of the 8 and 24 µm emission, it is not possible to distinguish the influences of the masses and temperatures of the dust envelopes around the HII regions on the IR fluxes F 8µm and F 24µm .
• There is no dependence of the IR fluxes on the sizes of the HII regions when the effective temperature of the ionizing star is fixed. Our results may indicate an absence of a continuous growth in the masses of the envelopes around the HII regions with time due to nonuniformity in the initial distribution of gas in the ISM and/or the escape of ionizing UV photons through gaps in the envelopes.
